X-Ray, Cobaloximatic Acid, Extended Hydrogen Bridging, Cyclic Voltammetry The structure of the cobaloximatic acid, hydro-rrans-diiodobis(ethanedioximato(l-)-N,N')cobaltate(III), has been determined by X-ray diffraction. Crystal data: C4H7CoI2N40 4, Mr = 487.87; monoclinic space group P2xta (C|h ); a -10.795(7), b = 9.003(7), c = 11.881(6) Ä; ß = 97.29(6)°; V = 1145.35 Ä3; Z = 4; dc = 2.83 Mg n r3. Rw (R) = 3.6 (3.9)% for 3064 observed independent reflections and 148 parameters. The coordination geometry around Com is a dis torted (4 + 2) octahedron of four chelating equatorial N atoms and two apical iodides. The compound is most adequately formulated as a monovalent strong acid: H(Co(GH)2I2) (GH_ = ethanedioximate or glyoximate). The H atoms of the oxime groups are involved in the usual mframolecular, as well as in much stronger internlolecular O -H -O bridgings (O -Ointramol = 2.613-2.631, O -Ointervo, = 2.454 Ä). The "acidic" H atom of each molecule participates in the intennolecular bridging which extends throughout the structure, and propagates nearly parallel to the [101] crystallographic direction. The redox properties of the present compound were examined by cyclic voltammetry in acetonitrile solution at room tem perature. Redox waves attributed to the reduction of Co11 1 and to the oxidation of T were ob served, along with a wave which may be linked to the reduction of the "acidic" proton.
Introduction
Complexes of cobalt involving a ,ß -dione dioximes (a,/?-H2dodo) as bis-chelating ligands are com monly known as "cobaloximes" [1] . This category of compounds has been shown to be of considera ble biological relevance, very much so, because of their close chemical and structural relationship to cyanocobalamin or vitamin B12 [1, 2] . We have be come involved in a program aimed at providing new, but less complex analogs of cyanocobalamin. Such simple tem plate systems should enable straightfor ward systematic investigations of m olecular param eters and chemical mechanisms that may explain the origin of the biological activity of vitamin B 12 and related natural substances [1, 3] . Recently, we have reported on some of the "smallest" cobaloximes [4, 5] , as well as on a number of cobaloximatic acids [6, 7] and salts thereof [8] [9] [10] [11] .
* Reprint requests to Dr. M. Megnamisi-Belombe. The family of cobaloximatic salts thus reported is typified by the tetraethylam monium trans-diiodobis(ethanedioxim ato)cobaltate (III) system, (E t4N (C o(G H )2I2) [9] . In the solid, the anions of this salt line up into varying chain-orderings, sometimes with strong intermolecular I • • • I interactions cha racteristic of the "Cameroon G reen" structure, so metimes without these interactions [9] . Such linearchain structures constitute highly im portant low-di mensional solid systems for innovations in emerging technologies [11] ,
In this work, we have prepared the acidic cobaloxime, H (C o(G H )2I2), which may be obtained by the general method of Tschugaeff [12] . The acid crystallizes via strong intermolecular O -H -O bridges to produce pseudo-polym eric molecular chains comparable with those found in the closely related complexes, H (R hC l2(G H )2) [5] and H(Co(Hdm g)2I2) [6] . We report here the X-ray structure of this acid, and we present voltammetric data illustrating its electrochemical behavior.
Experimental

Material preparation
Commercial C o (N 0 3)2-6 H 20 (1.5g, 99 + % pure) was dissolved in 99.5% pure methanol (50 ml, pink solution). Doubly sublimed I2 and aq. Nal (0.75 g) were added to this solution which was stir red for about 15 min. The mixture was warmed to 40 °C on an electric plate, and a filtered solution of analytical grade G H 2 (0.9 g) in m ethanol (20 ml) was added dropwise. Stirring was maintained for another 1 h. The red-brown solution was filtered and the filtrate left to evaporate slowly to near com pletion in an open shell at room tem perature. The green flat crystals of H (C o(G H )2I2) that had formed were washed twice with little cold methanol. After drying in air, 1.31 g of clean m aterial were obtained, with single crystals suitable for X-ray diffractions (see Table I ). 
Structure determination
A crystallite was m ounted on top of a glass capil lary and subjected to X-ray diffractions at ambient tem perature. D ata were collected on a SYNTEX R 3, four-circle autom ated diffractometer equipped with graphite-m onochrom ated M oKa radiation (A = 0.71070 A). Lattice param eters were derived from the setting angles of 25 reflections in the range 7 < 2 6 < 2 8°. Table I summarizes further experi mental and computational details.
The structure was solved by Patterson methods and completed by Fourier syntheses. It was refined by full matrix least squares techniques, based on F with weights w = l/a 2(F). The H atoms bound to C atoms were located at fixed positions ( C -H = 0.960 A), whereas the hydrogen atoms (H H 1, HH 2, H H 3) bound to O atoms were located from a difference Fourier map. Non-hydrogen atoms were refined anisotropically. The final refinement converged with a discrepancy value R w (R) = 3.6 (3.9)%.
Calculations were carried out on a Microvax II computer with SHELXTL PLUS Program System [13] which uses scattering factors from International Tables for X-ray Crystallography [14] and takes an omalous dispersion into account. Plots were drawn on a Tektronix plotter with SHELXTL PLUS*.
Electrochemistry and UV-visible spectroscopy
Cyclic voltammograms were recorded at room tem perature with a potentiostat constructed by A. Laouenan of Universite de Bretagne Occidentale (U R A 322), Brest, France. Ferrocene/ferrocenium (Fc/Fc+) served as an internal reference couple. Analytical grade tetra-n-butylam m onium hexafluorophosphate (/i-Bu4NPF6 = TB A H ) was used as the supporting electrolyte, and acetonitrile (Riedelde Häen, 99 + % pure) as the solvent. All other ex perimental conditions were as reported [15] .
UV-visible spectra were recorded at ambient tem perature using a Spectronic 2000 spectropho tom eter (Bausch & Lomb).
Results and Discussion
Structure Fig. 1 shows a drawing of two neighboring m ole cules with atom labeling scheme. It is obvious that the compound is to be most adequately formulated as a m onovalent strong acid, i. e. H (C o(G H )2I2). In aqueous or polar medium, indeed, the following protolysis equilibrium is established: A pH value of 2 has been measured at room tem perature in 1M aqueous solution.
The coordination geometry around Co in the two crystallographically independent molecules is the same, quite in agreem ent with the usually observed (4 + 2) octahedral arrangem ent of four chelating equatorial N atoms and two equidistant apical iodides, with strictly linear I -Co -1 triads.
The intennolecular hydrogen bridging involving the "acidic" proton (H H 3) is seen in this drawing between 0 (2 ) and 0 (3 ). It is clear that the bridging extends throughout the structure, linking adjacent complex molecules into infinite chains which prop agate parallel to the crystallographic [101] direc tion. This bridging is quite strong, as evidenced by the short mtermolecular O ••• O spacing of 2.454 A -which is even shorter than the mrramolecular 0 ---0 spacing of 2.613-2.631 Ä. This bridging mode is comparable to that observed in the isotypical compounds, H (R hC l2(G H )2) [5] and H (Co(H dm g)2I2) [6] , and appears, therefore, to sug gest a general trend in "metaloximatic acids". The present acid is isomorphous with the Rh-based acid, in which the mtermolecular O ••• O spacing of 2.43 A is even shorter. In H(Co(H dm g)2I2), however, this spacing is slightly longer (2.499 A), the bridge in this case being symmetrical, quite in contrast to the for mer isomorphous systems.
The accuracy of the structure determ ination of the present cobaloximatic acid (R w -3.6%) is con siderably higher than that of the isomorphous rhodoximatic acid (R = 7.5%) reported earlier [5] , The positions of H atoms which could not be located in the rhodium-based system, have now been located in the cobalt-based material, thereby ascertaining the presence of one glyoximate ( G R ) and one glyoxime (G H 2) ligand in the neutral molecule -which may be either formulated as C o((G H )(G H 2)I2) or H (Co(G H )2I2). Furtherm ore, voltammetric data lacking for H(RhCl2(G H )2) have now been obtain ed for the cobalt-based acid. All these results pro vide clear evidence for the + III oxidation state of the central cobalt atom, confirming by analogy the same oxidation state for the rhodium atom in the rhodoximatic acid which had been infered only on the basis of the electroneutrality of the compound.
The atomic coordinates and their equivalent isotropic tem perature factors for the two molecules depicted in Fig. 1 are listed in Table II . These m ole cules are crystallographically inequivalent, and there are two such pairs in the unit cell. The atoms Co 1 and Co 2 sit at molecular centers of symmetry. The two molecules are rotated relative to each other such that their main planes (which include the cen tral Co and the chelating organic ligands) lie m u tually perpendicular. Except for their different crystallographic locations, however, the two m ole cules appear to be virtually identical, with all values of the corresponding bond distances and angles matching within experimental error (Table III) .
O ther noteworthy aspects are the deep-green color and the remarkable, anisotropic metal-like re flectance of the crystals of this material, which may be of considerable scientific and technological rele vance.
Voltammetric and UV-visible spectroscopic data
The cyclic and rotating disc electrode (R D E) voltammograms of H (C o(G H )2I2) are displayed in Fig. 2 . In the potential range +0.75 to -2 .0 V, six well-defined redox processes ( I -V I ) are observed. The R D E voltammogram (Fig. 2 b) shows proces ses I, II and III to be oxidative, and processes IV, V and VI (Fig. 2 a) to be reductive. The chemically re versible processes II and III (ipJipc = 1) are due to the well-established 2/3-and 1/3-electron oxidation steps of the iodide [16] .
A meaningful assignment of peak I (which ap pears at most positive potential) does not seem, however, to be straightforward as of now. Elabora te correlations of experimental results collected on a large series of homologous cobaloximatic m ateri als is sought in order to clarify this point. Never theless, the present voltammetric results reveal that H (C o(G H )2I2) does contain Co111, in agreement with the crystallographic findings. Hence, the re ductive waves IV and V ought to be attributed to the Com/Con and CoWCo1 redox couples, respec tively. This assessment is well supported by the po tential difference zlE 1/2 = 0.65 V of the two proces ses, which is nicely in line with what has generally been found for cobalt(III) containing cobaloximes [3, 6] . Peak VI, finally, probably results from the re duction of the "acidic" protons. Extensive and sys tematic investigations are currently in progress in our laboratory, with the specific aim to shed more light on the electron transfer pathways, as well as on the nature of the redox-active sites in cobalox imes.
The UV-visible spectrum of the present material is quite normal, inasmuch as it consists of three main absorption bands centered at about 220, 280, 360, with a shoulder at 450 nm, respectively. Like in closely related cobaloximes [17] , the first two bands may be assigned to j c -j z * transitions, the third to metal-to-ligand charge transfer (MLCT), and the visible shoulder to d -d transitions.
